land.
The four isolates, designated as isolate ZW160-2 T from rakam fruit (Zalacca wallichiana) (= BCC 14681 T = NBRC 100627 T = PCU 264 T ), LC155-1 from litchi fruit (= BCC 15471 = NBRC 100628 = PCU 261), LG156-2 from longan fruit (= BCC 15472 = NBRC 107754 = PCU 262), and JJ157-2 from jujube fruit (= BCC 15470 = NBRC 107753 = PCU 263), were isolated by an enrichment culture approach using a glucose/ethanol/ acetic acid medium, which was composed of 1.5% Dglucose w/v, 0.5% ethanol v/v, 0.3% acetic acid v/v, 0.8% peptone w/v, and 0.5% yeast extract w/v, and which was adjusted to pH 3.5 (Yamada et al., 1999 (Yamada et al., , 2000 . The isolates were maintained on agar slants comprised of 2.0% D-glucose w/v, 0.5% ethanol v/v, 0.3% peptone w/v, 0.3% yeast extract w/v, 0.7% CaCO 3 w/v, and 1.5% agar w/v. Phylogenetic analyses based on 16S rRNA gene sequences and 16S 23S rRNA gene ITS sequences were carried out for isolates ZW160-2 T , LC155-1, LG156-2, and JJ157-2, as described previously (Malimas et al., 2007; Yukphan et al., 2004a, b, c) . Multiple sequence alignment was performed with the program CLUSTAL X (version 1.81; Thompson et al., 1997) . Sequence gaps and ambiguous bases were excluded. Distance matrices were calculated by the two-parameter method of Kimura (1980) . Phylogenetic trees based on 16S rRNA gene sequences and 16S 23S rRNA gene ITS sequences derived from the neighbor-joining method of Saitou and Nei (1987) were constructed by use of the program MEGA (version 4.0; Tamura et al., 2007) . The confi dence values of individual branches in the phylogenetic trees were determined by using the bootstrap analysis of Felsenstein (1985) based on 1,000 replications, and bootstrap values were not shown, when below 50%, in the phylogenetic trees. Pair-wise sequence similarities were calculated for isolate ZW160-2 T based on 16S rRNA gene sequences and 16S 23S rRNA gene ITS sequences.
In a phylogenetic tree based on 16S rRNA gene sequences (Fig. 1a) , isolates ZW160-2 T , LC155-1,
LG156-2, and JJ157-2 constituted a cluster, which was then connected to the cluster of G. In a phylogenetic tree based on 16S 23S rRNA gene ITS sequences (Fig. 1b) , a similar clustering was obtained. The G. oxydans cluster was connected to the cluster comprised of the type strains of the abovementioned fi ve species as well. The results obtained indicated that the four isolates are phylogenetically classifi ed under the G. oxydans group or the higher DNA G+C content group, but not the G. cerinus/G. frateurii group or the lower DNA G+C content group.
The calculated pair-wise 16S rRNA gene sequence similarities of isolate ZW160-2 T for 1,400 bases were 100, 100, 100, 99.7, 98.9, 99.7, 98.9, 98.9, 98.9, 98.1, 97.6, 97.7, 97.6, 97.5, and 97 .6% respectively to isolates LC155-1, LG156-2, and JJ157-2, G. oxydans NBRC 14819 T 100, 100, 100, 98.5, 97.1, 96.6, 94.0, 89.2, 89.4, 77.4, 85.1, 83.1, 83.3, 83 .1, and 83.7%, respectively. The four isolates had 16S 23S rRNA gene ITS sequence similarities of 100% to one another. To discriminate isolates ZW160-2 T , LC155-1, LG156-2, and JJ157-2 from the type strains of the twelve Gluconobacter species, the 16S 23S rRNA gene ITS restriction analysis was theoretically made by computer analysis with the program NEBcutter (version 2.0; New England BioLabs, Beverley, MA, USA) (Malimas et al., 2006; Yukphan et al., 2004a, b) . In the computerized calculations, the four isolates produced restriction fragments comprised of: 1) 496, 119, and 98 bp in BstNI digestion; 2) 585, 64, and 64 bp in MboII digestion. In BstNI and MboII digestions, isolates ZW160-2 T , LC155-1, LG156-2, and JJ157-2 could be discriminated, for example, from G. oxydans NBRC 14819 T , which showed 496, 119, and 98-bp fragments and 585, 58, 35, and 35-bp fragments, respectively ( The phylogenetic trees based on 16S rRNA gene sequences (a) and on 16S 23S rRNA gene ITS sequences (b) were constructed by the neighbor-joining method. The type strain of Acetobacter aceti was used as an outgroup. Numbers at nodes indicate bootstrap percentages derived from 1,000 replications.
(a) (b) Vol. 57 TANASUPAWAT et al. Chromosomal DNA was prepared after Saito and Miura (1963) . DNA base composition was determined by the method of Tamaoka and Komagata (1984) . DNA DNA hybridization was performed by use of the photobiotin-labeling method with microplate wells, as described by Ezaki et al. (1989) . A single-stranded and labeled DNA was hybridized with DNAs from test strains in 2 SSC and 50% formamide at 49.0 C for 15 h. Levels of DNA DNA hybridization (%) were determined colorimetrically (Verlander, 1992) . The color intensity was measured at A 450 on a model VersaMax microplate reader (Molecular Devices, Sunnyvale, CA, USA).
The four isolates showed respectively 60.5, 60.6, 60.5, and 60.4 mol% DNA G+C with a range of 0.2 mol% ( Table 1) . The values obtained were almost identical with that of the type strain of G. oxydans and higher than those of the type strains of G. cerinus and G. frateurii (55.1 and 55.9 mol% DNA G+C; Table 2 ). Yamada and Akita (1984a) recognized that strains assigned to the genus Gluconobacter are divided into two groups, viz., the higher DNA G+C-content group including G. oxydans and the lower DNA G+C-content group including G. cerinus (and G. frateurii, Mason and Claus, 1989) on the basis of DNA base composition. The four isolates actually act as an additional member of the higher DNA G+C-content group.
A single-stranded and labeled DNA of isolate ZW160-2 T represented levels of DNA DNA relatedness LG156-2, and JJ157-2 with restriction endonucleases BstNI (a) and MboII (b (Malimas et al., 2006 (Malimas et al., , 2008c (Malimas et al., , 2009b Yukphan et al., 2010) . Repetitive sequences based on polymerase chain reaction (rep-PCR) fi ngerprinting as described by Versalovic et al. (1994) was carried out with (GTG) 5 primer (5 -G T G G T GGTGGTGGTG-3 ) (Gevers et al., 2001) and the PCR and electrophoresis conditions, were modifi ed from Chokesajjawatee et al. (2008) . The amplifi cation reaction was carried out in a fi nal volume of 25 μl containing 17.375 μl of deionized water, 2.5 μl of 10 Ex Taq buffer (with 15 mM MgCl 2 ), 2 μl of 2.5 mM each deoxyribonucleoside triphosphate (dNTP), 1 μl of 20 μM primer (GTG) 5 , 0.125 μl of Taq DNA polymerase (5.0 unit/μl, TaKaRa Bio, Inc., Kyoto, Japan) and 2 μl of DNA template (50 ng/ μl) in 0.2 ml thin-wall microfuge tube (Axygen Scientifi c, Inc., Union City, CA, USA). The reactions were performed in a Thermo cycler (DYAD ALD 1244, MJ Research, Inc., Waltham, MA, USA). The PCR amplifi cation was done as follows: The initial heat denaturation step was performed at 95 C for 5 min, followed by 30 cycles at 94 C for 45 s, annealing at 40 C for 1 min, and extension at 65 C for 10 min, and the fi nal extension at 65 C for 20 min. Amplicons were separated on 1% LE Seakem ® agarose (BME, Rockland, ME, USA) in 0.5 TBE at 120 V for 2 h and 40 min prior to staining in 0.5 TBE containing 5 μg/ml ethidium bromide (Sigma, St. Louis, MO, USA) for 5 min, and destained in tap water for 20 min, with shaking. The gel image was captured by using an image scanner Typhoon 9410 (Amersham Biosciences, Uppsala, Sweden). The resulting fi ngerprints were analyzed by using a pattern analysis software package, Gel ComparII (version 4.5; Applied Maths BVBA, Sint-Martens-Latem, Belgium). The similarities of the fi ngerprint patterns were calculated using the Dice coeffi cient and the unweighted-pair group method with average linkages (UPGMA). The different dendrograms were visually interpreted to set the delineation level separately for each species.
The relationship among isolate ZW160-2 T , G. sphaericus NBRC 12467 T , G. roseus NBRC 3990 T , G. oxydans NBRC 14819 T , G. oxydans NBRC 3292, and G. oxydans NBRC 3293 was determined by the rep-PCR fi ngerprinting method, a useful technique for determining inter-and intra-species relatedness (Gevers et al., 2001; Versalovic et al., 1994) . As shown in Fig. 3 , the (GTG) 5 -PCR patterns resulted in the delineation of three (GTG) 5 -PCR clusters at a 61.1% Pearson s correlation coeffi cient, comprising two and four isolated groups. Within the clusters, the (GTG) 5 -PCR patterns resulted in the delineation at 66.7, 72.8, 75.7, and 80% Pearson s correlation coeffi cient. The results obtained indicated that the isolate was genotypically different and belonged to a separate species.
Isolates ZW160-2 T , LC155-1, LG156-2, and JJ157-2 were examined for morphological, physiological, biochemical, and chemotaxonomic characteristics (Asai et al., 1964; Gosselé et al., 1980; Yamada et al., 1969 Yamada et al., , 1976 Yamada et al., , 2000 . The phenotypic characterization was car- The dendrogram was generated after cluster analysis of digitized fi ngerprints derived from UPGMA linkage of Pearson s correlation similarity coeffi cients.
Vol. 57 TANASUPAWAT et al. ried out by incubating the isolates and the test strains at 30 C for 2 days on glucose/glycerol/peptone/yeast extract agar or broth, which was composed of 1.0% D-glucose w/w, 1.0% glycerol w/w, 0.5% yeast extract w/w, and 1.0% peptone w/w with or without 1.5% agar w/w, unless otherwise mentioned.
The ubiquinone homologues of the isolates were extracted and purifi ed, as described by Yamada et al. (1968) and were analyzed by HPLC (Tamaoka et al., 1983) . The major ubiquinone homologue of the four isolates was Q-10, as found in the type strains of G. oxydans, G. cerinus, and G. frateurii. In addition, isolate ZW160-2 T contained 93.4% Q-10, 6.4% Q-9, and 0.7% Q-8, isolate LC155-1 contained 93.4% Q-10 and 6.6% Q-9, and isolate LG156-2 contained 93.2% Q-10, 5.9% Q-9 and 0.9% Q-8.
The phenotypic and chemotaxonomic characteristics determined are given in the species description of Gluconobacter uchimurae.
The four isolates were distinguished especially by showing growth at 37 C from the type strains of the eleven Gluconobacter species (Table 2) , although only the type strain of G. thailandicus showed weak growth at this temperature. However, the isolates were differentiated from the type strain of G. thailandicus by producing a water-soluble brown pigment and 2,5-diketo-D-gluconate, and by acid production from myo-inositol (weakly positive), melibiose (positive), and D-sorbitol (positive). The weak acid production from myo-inositol obtained also differentiated the four isolates from the type strains of G. oxydans (positive), G. roseus (negative), G. japonicus (positive), G. frateurii (positive), G. cerinus (positive), and G. kondonii (positive).
These genetic, phylogenetic, and phenotypic characteristics are enough to distinguish the four isolates at the specifi c level, and the isolates can approximately be classifi ed in a separate species in the genus Gluconobacter. The name of the species is Gluconobacter uchimurae sp. nov.
Description of Gluconobacter uchimurae sp. nov.
Gluconobacter uchimurae (u.chi mu.ra.e. L. gen. uchimurae of Uchimura, derived from N. L. fem. n. Uchimura, to honor a Japanese microbiologist, Dr. Tai Uchimura, Professor, Tokyo University of Agriculture, Tokyo, Japan, in recognition of his contributions to the systematic study of acetic acid bacteria, especially in the study of Asaia, Acetobacter, Gluconobacter, and Gluconacetobacter strains). Cells are Gram-negative, aerobic and rod-shaped, measuring 0.6 1.0 1.0 2.5 μm when cultivated on glucose/ethanol/calcium carbonate agar. Motile with polar fl agella. Colonies are white, shiny, and smooth and raised with an entire margin on glucose/ethanol/ yeast extract/calcium carbonate agar. Strictly aerobic. Grows at 37 C and at pH 3. The type strain is isolate ZW160-2 T (=BCC 14681 T =NBRC 100627 T =PCU 264 T ), which was isolated from rakam fruit (Zalacca wallichiana) and which has a DNA G+C content of 60.5 mol%.
